Introduction
============

Breast cancer is the most common cancer among women worldwide ([@b1-ol-0-0-11507]), and the second most common cancer in the world ([@b2-ol-0-0-11507]). Studies show that \~1.67 million women are diagnosed with breast cancer every year, accounting for 25% of all cancers, and \~500,000 deaths occur. It is the main cause of female death worldwide ([@b3-ol-0-0-11507]). Moreover, as life expectancy increases worldwide, the incidence and mortality of breast cancer are likely to continue to rise. Due to the improvement of early diagnosis and late treatment strategy, the mortality of breast cancer has decreased significantly. However, multiple drug resistance and recurrence and metastasis remain major obstacles to the treatment of breast cancer. Therefore, finding new targets for breast cancer treatment has become the goal of joint efforts.

Circular RNA (circRNA) is a special long non-coding RNA with covalence-closed ring structure, which is the product of non-classical splicing of linear precursor mRNA ([@b4-ol-0-0-11507]). circRNA was first discovered in 1991 ([@b5-ol-0-0-11507]) and was considered to be a non-functional by-product in the following 20 years ([@b6-ol-0-0-11507]). In recent years, increasing evidence has shown that circRNA is involved in regulating gene expression in a number of ways, and indirectly, participates in a variety of cancers (such as colorectal cancer, hepatocellular carcinoma, pancreatic ductal adenocarcinoma, cervical cancer and ovarian cancer) in the occurrence and development process. It has the potential to become a new biomarker and therapeutic target for cancer treatment ([@b7-ol-0-0-11507]). However, further studies of circRNA in breast cancer are rarely reported.

In this study, circ_103809 was overexpressed in breast cancer tissues. Knockdown of circ_103809 suppressed the proliferation and facilitated cell apoptosis of breast cancer cells. We also explored the underlying mechanism of the role of circ_103809 in breast cancer. Furthermore, the role of circ_103809 in breast cancer progression was also detected in nude mice.

Patients and methods
====================

### Tissue samples

Fifty-five pairs of breast cancer tissues and adjacent tissues in this study were obtained from patients undegoing surgery treatment in Linyi Cancer Hospital (Linyi, China) from 2016 to 2017. All specimens were subjected to strict medical diagnosis and immediately placed in liquid nitrogen after surgery. The present study was approved by the Ethics Committee of Linyi Cancer Hospital. Informed consent was obtained from the patients.

### Cell lines

The cell lines, including sum-1315, MCF7, MDA-MB-231 and MCF10A were obtained from the American Tissue Culture Collection (ATCC). The cell lines were cultured by Roswell Park Memorial Institute 1640 (RPMI-1640) Medium (HyClone) containing 10% fetal bovine serum (FBS) (HyClone), 100 U/ml penicillin and 100 µg/ml streptomycin at 37°C with 5% CO~2~.

### Cell transfection

Breast cancer cells were seeded into 6-well plates. For downregulation of circ_103809, siRNAs were involved in selected cell lines. When the cell confluence reached 70%, cells were transfected with Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the instructions, and cells were harvested 48 h later.

### Isolation of total RNA and quantitative real-time polymerase chain reaction (qRT-PCR)

Extraction of total RNA in breast cancer tissues, paracancerous tissues and breast cancer cells were conducted by TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). All complementary deoxyribose nucleic acids (cDNAs) were synthesized via Reverse Transcription Kit (Takara Bio, Inc.) according to standard protocol. circ_103809 expression level was assessed through SYBR Green real-time PCR and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was taken as a normalization.

### Colony formation

Cells (1.0×10^3^) were seeded into the culture plates (60 mm) and cultured for 2 weeks. Cells on the plates were then washed by phosphate buffer saline (PBS) (Gibco; Thermo Fisher Scientific, Inc.) twice and fixed in ice-cold 70% methanol for 15 min and crystal violet staining solution (Beyotime Institute of Biotechnology) was used to stain the cell colonies. Images were subsequently taken of the colonies.

### Cell-counting kit-8 assay (CCK-8)

After 48 h of cell transfection, each group of cells was made into a cell suspension with a density of 1×10^4^/ml and 100 µl per well was inoculated into a 96-well plate at 37°C in a thermostat with a CO~2~ volume fraction of 5%. After incubation for 24 h, 10 µl of CCK-8 solution (Dojindo) was added to each well and mixed well. The cells were incubated for 2 h and the absorbance was measured at 450 nm with a microplate reader.

### Flow cytometric analysis

The cells in each group transfected for 48 h were collected, washed three times with PBS, centrifuged at 4°C, 1,050 × g for 5 min, the supernatant was discarded, the cells were resuspended with Annexin binding solution, and 10 µl of Annexin V-FITC (fluorescein isothiocyanate) and propidium iodide (PI) solution were added at room temperature avoiding light. After 15 min, apoptosis was detected by flow cytometry. To examine the cell cycle, transfected cells were immersed in 70% ethanol at −20°C overnight before stained with PI (Vazyme). Flow cytometric analysis was by BD FACSCanto II (BD Biosciences).

### Western blotting

Total protein was isolated by radioimmunoprecipitation assay (RIPA) buffer (Thermo Fisher Scientific, Inc.) and phenylmethanesulfonyl fluoride (PMSF). Protein lysates isolated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) were then transferred to polyvinylidene fluoride (PVDF) membranes (Roche). Then the membrane was immunostained at 4°C by primary antibodies overnight. Primary rabbit antibodies used in the current study included anti-wnt1 \[Cell Signaling Technology, Inc. (CST)\]. Rabbit anti-GAPDH \[Cell Signaling Technology, Inc. (CST)\] was the loading control. Protein relative expression level was determined by Image Lab software.

### Xenograft model

Current study was approved by the Animal Ethics Committee of Linyi Cancer Hospital Animal Center. Transfected SPCA1 or A549 cells (7×10^5^/ml) were injected into two flanks of nude mice (6 weeks old) subcutaneously. Tumors growth was monitored and recorded every week. The formula (volume = length × width^2^ × 1/2) was used to calculate tumor volume. Tumors were extracted after 4 weeks.

### Statistics analysis

The experiments in this study were performed at least three times independently. All data recorded were presented as mean ± standard deviation (SD). Student\'s unpaired t-test was used to undergo statistical analysis. P\<0.05 indicates statistically significant difference.

Results
=======

### Over expression of circ_103809 in breast cancer

The expression level of circ_103809 was significantly increased in tumor tissues ([Fig. 1A](#f1-ol-0-0-11507){ref-type="fig"}). Consequently, expression level of circ_103809 in breast cancer cell lines was examined. It elucidated that breast cancer cell lines had a relatively higher expression level of circ_103809 ([Fig. 1B](#f1-ol-0-0-11507){ref-type="fig"}). The transfection efficiency was accessed by qRT-PCR. As shown in [Fig. 1C](#f1-ol-0-0-11507){ref-type="fig"}, circ_103809 downregulated group had a relatively lower expression level of circ_103809.

### Downregulated expression of circ_103809 suppresses cell proliferation in breast cancer cell lines

In order to investigate the function of circ_103809 in cell proliferation, we conducted cell proliferation assays including CCK-8 assay and colony formation assay. As [Fig. 2A](#f2-ol-0-0-11507){ref-type="fig"} shows, downregulated expression of circ_103809 decreased the OD value in breast cancer cell lines when compared with control group. Similarly, the colonies generated in circ_103809 downregulated group was clearly less than in the control group ([Fig. 2B](#f2-ol-0-0-11507){ref-type="fig"}). In conclusion, all the results suggested that downregulated expression of circ_103809 can inhibit cell proliferation in breast cancer cell lines.

### Downregulated circ_103809 represses cell cycle progression and promotes cell apoptosis in vitro

For examination of the effect of circ_103809 on cell cycle and apoptosis flow cytometric analysis was carried out. Apoptotic cells were evaluated through flow cytometric analysis and it was revealed that downregulated circ_103809 facilitated cell apoptosis *in vitro* ([Fig. 2C](#f2-ol-0-0-11507){ref-type="fig"}). Moreover, as shown in [Fig. 2D](#f2-ol-0-0-11507){ref-type="fig"}, circ_103809 downregulated expression had an increased cell distribution in G1/0 fraction and induced arrest of the cell cycle progression. Taken together, we considered that circ_103809 downregulated expression led to suppression in the cell cycle progression and promotion in cell apoptosis.

### Underlying mechanism of circ_103809 in breast cancer progression

For elucidating the molecular mechanism underlying circ_103809 in breast cancer progression, PI3K/AKT involvement was investigated in breast progression. Western blot assay was employed to detect AKT, phosphorylation of AKT, BCL2, Bax and GAPDH. As seen in [Fig. 3A and B](#f3-ol-0-0-11507){ref-type="fig"}, downregulated expression of circ_103809 decreased phosphorylation of AKT and BCL2 while the protein expression of Bax was increased. Taken together, we considered that the PI3K/AKT pathway may be the underlying mechanism of circ_103809 in breast cancer progression.

### Downregulated expression of circ_103809 inhibits tumor formation in vivo

Tumorigenicity assay was performed to analyze the ability of circ_103809 in tumor formation. As shown in [Fig. 4A](#f4-ol-0-0-11507){ref-type="fig"}, tumor volumes in circ_103809 downregulated group were relatively smaller than in the control group. The results showed that the circ_103809 downregulated expression group had relatively lower expression level of circ_103809 ([Fig. 4B](#f4-ol-0-0-11507){ref-type="fig"}). In conclusion, the results indicated that ownregulated expression of circ_103809 suppressed tumor formation *in vivo*.

Discussion
==========

Breast cancer is the most common invasive malignancy in women worldwide and the second leading cause of tumor-related deaths ([@b8-ol-0-0-11507]). Breast cancer is a complex and highly heterogeneous disease containing estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2). According to its histological characteristics, it can be divided into three different molecular subtypes, including ER/PR overexpression, HER2 overexpression and triple-negative breast cancer (TNBC) (all three receptors are negative) ([@b2-ol-0-0-11507]). Each subtype presents a different prognosis, recurrence rate, and treatment strategy. TNBC, in particular, is one of the most invasive subtypes of breast cancer ([@b3-ol-0-0-11507]), and currently there is no effective targeted therapy. Therefore, it is urgent to seek new effective therapeutic targets for breast cancer.

circRNA is a novel non-coding RNA highly expressed in eukaryotic cells ([@b9-ol-0-0-11507]). According to multiple biogenic patterns, circRNA can be divided into three different types, including exon circRNA, intron circRNA and intron-retaining circRNA, which are produced by different circulatory mechanisms ([@b10-ol-0-0-11507]). circRNA has been shown to function as a micro RNA (miRNA) sponge, gene transcription and expression regulator, RNA binding protein sponge, or protein/peptide translator. Among them, circRNA as a miRNA sponge is the main mechanism of circRNA in tumor cells ([@b10-ol-0-0-11507]).

It was found that circMYO9B, circGFRA1, hsa_circ_0001982 and circ-abcb10 are upregulated in breast cancer, which may be related to the proliferation of tumor cells, and are crucial for promoting the occurrence and development of breast cancer ([@b11-ol-0-0-11507]--[@b14-ol-0-0-11507]). However, circrna-000911, hsa_circ_006054, hsa_circ_100219 and hsa_circ_406697 are downregulated in breast cancer cells, and their enhanced expression can inhibit cell proliferation, migration and invasion, which may be therapeutic targets for breast cancer patients ([@b15-ol-0-0-11507],[@b16-ol-0-0-11507]).

In conclusion, we found that circ_103809 was upregulated in breast cancer. Through CCK8 assay and colony formation assay, it was determined that circ_103809 promoted cell proliferation *in vitro*. Moreover, downregulated expression of circ_103809 suppressed cell cycle progression and facilitated cell apoptosis. Additionally, we validated that circ_103809 functioned as an oncogene in breast cancer progression by regulating PI3K/AKT signaling. Furthermore, circ_103809 promoted tumor formation *in vivo*.
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![circ_103809 is upregulated in breast cancer. (A) Expression level of circ_103809 in breast cancer tissues and para-tumor tissues. (B) Analysis of circ_103809 expression level in breast cancer cell lines. (C) Transfection efficiency was evaluated by qRT-PCR. Data are presented as the mean ± SD of three independent experiments. \*\*P\<0.01; \*\*\*P\<0.001; qRT-PCR, quantitative real-time polymerase chain reaction.](ol-19-06-3725-g00){#f1-ol-0-0-11507}

![Downregulated expression of circ_103809 suppresses cell proliferation and promotes cell apoptosis in breast cancer cell lines. (A) Cell proliferation ability was determined by CCK-8 assay. (B) Colony formation assay was employed for detecting cell proliferation. (C) Flow cytometric analysis was performed to detect the apoptotic rates in transfected cells. (D) Cell cycle progression was detected by flow cytometric analysis in transfected groups. Data are presented as the mean ± SD of three independent experiments. \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001; CCK-8, cell counting kit-8.](ol-19-06-3725-g01){#f2-ol-0-0-11507}

![The underlying mechanism of circ_103809 in breast cancer progression. (A) AKT, p-AKT expression levels were examined in transfected cell lines. (B) BCL2, Bax protein expression levels were examined in transfected cell lines. Data are presented as the mean ± SD of three independent experiments. \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001.](ol-19-06-3725-g02){#f3-ol-0-0-11507}

![Downregulated expression of circ_103809 inhibits tumor formation *in vivo*. (A) After tumor extraction, tumor volume was calculated, respectively and made into a graph. (B) The relative expression of circ_103809 in tumors were examined by qRT-PCR. Data are presented as the mean ± SD of three independent experiments. \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001.](ol-19-06-3725-g03){#f4-ol-0-0-11507}
